Since Cajal's day, numerous morphological and neurophysiological studies on the mesencephalic nucleus of the trigeminal nerve have accumulated (CAJAL, 1909; MAY and HORSLEY, 1910; WEINBERG, 1928; CORBIN and HARRISON, 1940; SZENTAGOTHAI, 1948; etc.) . On the basis of these studies, it is generally accepted that the peripheral processes of the large unipolar cells terminate in the muscles of mastication as proprioceptive afferent fibers, while their collaterals end in the motor nucleus of the trigemin al nerve.
Recently, evidence for the bilateral relationships between the mesencephalic nuclei and masticatory muscles has been obtained in an experimental study by SMITH and his co-workers (1967, 1968) . After peripheral section of the branches of the trigeminal nerve, DAULT and SMITH (1969) found anatomical evidence of bilateral distribution of peripheral fibers from the mesencephalic nucleus.
On the other hand, some histochemical studies (NAKAJIMA, 1965; MAEDA, 1966; etc.) had given new information about enzyme distribution and metabolism of the mesencephalic nucleus, which needed to be correlated with the fine morphological structures. However, electron microscopic studies of this nucleus were lacking except for an observation of the mouse by HINRICHSEN and LARRAMENDI (1968) . Under these circumstances, it seemed necessary to perform an electron microscopic study of the nucleus of normal rats with speciall reference to the perikaryal structure and synaptic organization which would serve to advance the functional and biochemical analysis of this nucleus.
Material and Method
The brains of normal adult rats, weighing about 200g, were perfused with cold 4% glutaraldehyde in 0.2M cacodylate buffere (pH 7.3) for 15min. under ether anesthesia.
The carefully removed brains were placed in fresh cold fixative for another 15min.
The frontal sections (about 0.5mm thick) were trimmed into a rectangular tissue pieces were post-fixed for one hour with 1% osmium tetroxide in a veronal Aa shown in Figures 1 and 2 , large neurons are light whereas medium-sized and small ones are dark in their cytoplasmic appearence.
This difference is attributable to the quantity of Nissl substance.
Generally in the center of a neuron, a large and clear spherical nucleus is located with a prominent globular nucleolus. The large light neurons are relatively smooth in their cellular and nuclear surfaces, though they show several cytoplasmic projections (soma spines), while the medium-sized dark neuron shows the irregularly undulating cytoplasmic and nuclear membranes.
The rich cytoplasm surrounding the nucleus is mainly composed of Nissl substance, which is the masses of randomly arranged granular reticula and a large number of polysomes and free ribosomes dispersed among them.
Though the Nissl Fig. 1 . A large light cell of the mesencephalic nucleus of the rat. A large clear nucleus and a prominent opaque nucleolus are shown in the center of the spherical neuron.
The cytoplasm appears clear, owing to a dispersed distribution of the Nissl substance. Numerous Golgi complexes are situated apart from the cell nucleus and lysosomal dense bodies are abundant in the cyto- (Fig. 3) . In addition to these lysosomal dense bodies, lypofuscin-like bodies are also observed, showing an irregular shape and a high electronic opacity except in their blister-like empty parts (Fig. 4) Some kinds of neuronal junctions without any glial interposition occur on the surface of the neuron, although the neuronal perikarya are usually separated by thin lamellar layers of the astrocytic cytoplasm. We classified these junctions into three types by the difference of the apposing parts.
Soma-somatic junction
It may be emphasized that aggregations of directly contacting neurons are fairly often seen in any portion of the mesencephalic nucleus (Fig. 5 ). In the region of the contact, the undulating cell surface becomes smooth and straight with an intercellular in length on a section of the cell surfaces, so that the contacting area may be very large. Dotted line-like materials are depostited in the center of the moderately dense the apposed membranes some junctional characteristics are shown, namely, the cytoMaculae of desmosome-like specializations occasionally appear without filamentous materials in the cytoplasmic matrices subjacent to the apposing membranes. Along the contacting area, linear arrays of many mitochondria are always seen (Fig. 5 ).
Axo-somatic junction
In the mesencephalic nucleus, the synaptic contacts upon the perikarya are comparatively rare. We observed, however,some axo-somatic synapses on the smooth or indented surface of the perikarya, and a very few on the soma spines (or crests). Large In occasional cases, small axon terminals are buried in deep furrows of the cell surface as shown in Figure 9 . They contain round clear vesicles, elongated vesicles spine (or crest), which is devoid of the spine apparatus, there is a small axon terminal 3. Soma-dendritic junction.
A dendrite in contact with an axon terminal or a free dendrite often adheres to neuronal perikaryon as if forming soma-dendritic synapse (Fig. 10) . Dense materials membranes are thickened. However, there is no aggregation of synaptic vesicles in both sides of the junction, but subsurface cisterns in the perikaryon.
It may be difficult to regard such a soma-dendritic junction as a synapse providing chemical transmission of impulses.
Except for the above-mentioned junctions, a long cytoplasmic process frequently to be a dendrite of another cell because it contained neurotubules, neuro-filaments, free ribosomes or granular reticula and also rare mitochondria. A junctional specialization The nucleus of the oligodendrocyte shows dark contents and indistinct nuclear membrane. The cytoplasm is denser than that of the astrocyte.
In the perikaryon, granular reticula and free ribosomes are richly con-was not observed along the enclosing area, but the apical margin of the spine (or crest) adhered to its own perikaryon causing a desmosome-like structure without fine filamentous appendages (Fig. 11, 12 ).
C. Neuropil
The neuropil of the trigeminal mesencephalic nucleus is composed of large and small myelinated axon, small unmyelinated axons, dendrites of various sizes, and glial cells and many blood capillaries. Many afferent terminals form synapses with. the dendrites and dendritic spines or crests among these structures.
1. Axo-dendritic and axo-dendritic spine (or crest) synapses
Our glutaraldehyde perfused tissue showed two types of terminal bags of afferent fibers forming synapses in the neuropil adjacent to the mesencephalic neuron (Fig. 13,  14 AKERT et al. (1967) .
Glia in the neuropil
Three types of glial cells (astrocyte, oligodendrocyte and microglia) are readily identified, some of which are close to neurons as satellite cells. Generally, neurons are surrounded by protoplasmic thin layers of astrocyte except in the axo-somatic and soma-somatic junctions.
The perikaryon of the astrocyte sometimes adheres to the (Fig. 15, 16 (MATSUNAMI, 1959; ABE, 1965; MAEDA, 1966) . As to the enzyme activities of phosphorylase, succinic dehydrogenase and glucose-6-phosphate dehydrogenase, MAEDA (1966) reported that the medium-sized neurons showed the most remarkable activities. The difference of the enzyme activities among mediumsized cells and large cells is probably related to the difference of neuronal functions. From histochemical data and present observations, it is readily supposed that the neurons, especially medium-sized ones, may require a large amount of energy for their functions, and also that the enzyme proteins may be vigorously synthesized by polysomes in the cytoplasm.
Many blood capillaries in the neuropil may supply the rich oxygen and energy sources needed for the aerobic metabolism.
The irregular cell contour, composed of cytoplasmic projections and depressions, may actively increase the surface for substance exchange.
On the other hand, SATO (1959) and MAEDA (1966) reported that the neurons of the mesencephalic nucleus stored abundant glycogen. In the electron microscope, however, it is difficult to distinguish glycogen particles from free ribosomes, as the former mingle among the Nissl substance in the cytoplasmic matrix.
HORINOUCHI (1959) demonstrated
a strong activity of acid phosphatase in neurons of the mesencephalic nucleus.
His results correspond to ours with regard to the feature of cytoplasm with many Golgi complexes accompanied by several lysosomal dense bodies. Recently, the ultrastructural, histochemical and cytochemical observations (ESSNER and NOVIKOFF, 1960; LENTZ, 1967; SAMORAJSKI et al., 1965) have provided some convincing evidence that lysosomes may be related structurally as well as histochemically to pigment bodies. Hence, it seems reasonable that lipofuscin-like dense bodies together with lysosomal dense bodies are abundant in mesencephalic neurons. The soma-somatic junction has already been reported in the nervous system of various kinds of animals (MILHAUD and PAPPAS, 1966b; PANNESE, 1968b; ADINOLFI and PAPPAS, 1968; etc.) . In the mesencephalic nucleus of mice, HINRICHSEN and LARRAMENDI (1968) reported that the adhesion of the soma and the axon hillock of adjacent cells caused aggregation of neurons into clusters. PANNESE (1968b) reported adhesion plaques of the temporary soma-somatic junction between neuroblasts in the spinal ganglion of the chick. At the early stage of growth, the temporary soma-somatic junction between immature neurons may favor their locomotion as cell groups and their simultaneous differentiation.
The cellular junction, however, would soon disappear at the later stage of the development if it lost its functional significances. In the mesencephalic nucleus of the adult rat, the occurrence of soma-somatic junctions (approx. 10%) is too frequent for them to be regarded as vestigial structures.
However, the characteristics of the chemical transmission of the impulses, e.g., clusters of synaptic vesicles and thickening of pre-and post-synaptic membranes, are not observed in the contacting area of the soma-somatic junction.
Electrical junctions identified by the physiological studies are characterized by a BENNETT et al., 1963 (LUGARO, 1894; CAJAL, 1909; WILLEMS, 1911; WEINBERG, 1928) , thus one origin of the afferent fibers may be the recurrent collaterals of the mesencephalic nucleus. Another origin may be semilunar ganglion cells which SMITH et al. (1968) suggested to be polysynaptic systems controlling the jaw jerk reflexes.
The fiber connection between the locus coeruleus and the mesencephalic nucleus was taken into consideration in the early neurohistological works (OBERSTEINER, 1901) . DAHLSTROM and FUXE (1964) distinctly demonstrated many varicose fibers emitting catecholamine fluorescence and forming a network around neurons of the mesencephalic nucleus. These varicose fibers probably originate from the amine neurons of the locus coeruleus and traverse to the brachium conjunctivum. The S-type terminals containing considerable numbers of cored vesicles are supposed as originating from the locus coeruleus, because it is suggested by some authors (SHIMIZU and ISHII (1964) , of amines. However, the problems about the origins of afferent fibers and the synaptology of the mesencephalic nucleus remain to be determined by further detailed investigations.
Summary
The mesencephalic nucleus of the trigeminal nerve of the male adult rat was studied under electron microscopes and the following results were obtained.
1. The neuronal cytoplasm is characterized by a network of Nissl substance composed of rosette-like polysomes and free ribosomes rather than granular reticula. Numerous Golgi complexes are situated apart from the cell nucleus, accompanying several lysosomal dense bodies. Lipofuscin-like dense bodies also often appear at a distance from the Golgi complexes.
2. Some neurons of the mesencephalic nucleus exhibit soma-somatic junctions temporary or vestigial structures, because of their frequent occurrence and the linear array of mitochondria. It might be questioned whether this type of junction acts as an electrical synapse in the central nervous system of the rat. 3. Excepting the soma-somatic junctions, the neuronal surface shows irregular projections (or crests) and depressions.
In an extreme case, a dendrite is deeply infolded within the cleft of the cytoplasm formed by soma spines (crests), but the significance of this structure is unknown.
4. The afferent terminals form axo-somatic synapses on the irregular surface of the perikarya. We classified these synaptic terminals into S-type and F-type (UCHIZONO, BODIAN) according to the forms of their synaptic vesicles and discussed their possible origins.
